The medial approach for the open reduction of congenital dislocation of the hip (CDH) was introduced by Ludloff in 1908. Since then there have been many reports of the results of this procedure, but few patients have been followed to maturity. Our aim was to evaluate our 20-year outcomes after this approach.
LUDLOFF'S MEDIAL APPROACH FOR OPEN REDUCTION OF CONGENITAL DISLOCATION OF THE HIP
We evaluated the radiological results by the Severin classification and the extent of avascular necrosis using the criteria of Kalamchi.
At the latest review 16 hips (45.7%) were in Severin groups I or II (acceptable results) and 19 (54.3%) in Severin groups III, IV or V (unacceptable results).
There was evidence of avascular necrosis in 15 hips (42.9%). The radiological results began to become worse at about the age of ten years when type-II avascular changes presented.
We conclude that Ludloff's medial approach for open reduction is unsatisfactory for the treatment of congenital dislocation since about half of our patients required additional operations.
The medial approach for the open reduction of congenital dislocation of the hip (CDH) was introduced by Ludloff in 1908. Since then there have been many reports of the results of this procedure, but few patients have been followed to maturity. Our aim was to evaluate our 20-year outcomes after this approach.
PATIENTS AND METHODS
We have treated 51 patients (55 hips) with open reduction using the Ludloff approach, excluding those who had teratological or paralytic dislocations. For our long-term follow-up complete clinical data were available for 33 patients (35 hips) (Table I ). There were 3 boys and 30 girls and 16 right and 19 left hips; two patients were affected bilaterally. The mean age at operation was 14 months (5 to 29) and the mean age at follow-up 20.1 years (15 to 24) giving a mean follow-up of 19.4 years (14 to 23).
The open reduction had been performed when closed reduction had failed. At operation, the anterior part of the capsule down to the femoral neck was excised together with the hypertrophied ligamentum teres. The transverse ligament was divided to allow a stable reduction, but the limbus was left intact. The psoas tendon was not divided. Postoperatively, a hip spica was applied in all patients in 90° of flexion and 90° of abduction for one month. Care was taken not to produce forced abduction. A Pavlik harness was then worn for a further six months.
We recorded data for two groups: group A consisted of 19 hips which had only open reduction and group B 16 hips which had later procedures in addition to the open reduction.
Radiological evaluation used the Severin (1950) classification and avascular necrosis was classified by the criteria of . To assess consecutive radiological changes we measured the revised centre-edge angle and acetabular angle (Ogata et al 1990) . The femoral neck-epiphysis angle was measured in the patients with avascular necrosis. We defined acceptable results as those in Severin groups I or II and unacceptable results as those in Severin groups III, IV or V.
Additional operations required at a later date for reconstruction of the acetabulum included Pemberton's operation (5), Salter's innominate osteotomy (6), Pemberton's operation plus derotation varus osteotomy (DVO) (2), Chiari's osteotomy (1), a shelf operation plus DVO (1) and rotational acetabular osteotomy (RAO) plus DVO (1).
Statistical analysis used Student's t-test.
RESULTS

Radiological evaluation.
On the Severin classification eight of the 19 hips (42.1%) in group A had an acceptable result and 11 (57.9%) an unacceptable result. In group B eight hips (50%) had an acceptable result. Overall, 16 hips (45.7%) were satisfactory (Table II) .
CE angle and acetabular angle. In group A the CE angle improved continuously until the age of 15 years in the acceptable hips, but in the unacceptable hips the mean CE angle at the age of three years was less than 0° and increased only gradually until the age of ten years. It then decreased until the age of 20 years (Fig. 1a) . In group B, an improvement in the CE angle was seen between three and six years as a result of the various additional operations. In hips which became acceptable, it increased even after ten years of age, but in the unacceptable hips it decreased after that time (Fig. 1b) .
The acetabular angle in group A showed a sequential improvement only in the acceptable hips, but the difference between the acceptable and unacceptable hips was not significant (Fig. 2a) . In group B improvement was seen until the age of six years again due to surgery but in the unacceptable hips, the acetabular angle then increased until ten years of age (Fig. 2b) . Avascular necrosis. The different types of avascular necrosis of the femoral head were classified using the criteria of . We did not include Kalamchi type I because this does not affect the radiological result at skeletal maturity. In the acceptable group of 16 hips, three (18.5%) showed Kalamchi type-II changes and in the unacceptable group of 19, there were ten (52.6%). There were also two type-III hips in the unacceptable group (Table III) . In Kalamchi type-II hips, the femoral neck-epiphysis angle decreased significantly after the Change in the acetabular angle with age in group A (a) and in group B (b).
Fig. 3
Change in the neck-epiphysis angle with age in the Kalamchi-type II and the unaffected hips. A girl with CDH. Ludloff's operation had been performed at the age of 11 months followed by a Pemberton operation at the age of 3 years 10 months. Radiographs at 2 years 2 months after the Pemberton operation (a), at six years of age with closure of the lateral physis and poor acetabular cover (b) at 9 years 9 months with the physis in varus (c) and at 21 years with the hip in Severin group III (d).
age of ten years but in unaffected hips there was almost no change over the follow-up period (Fig. 3) . When there was a reduction in the angle, plain radiography showed early epiphyseal closure of the lateral part of the physis (Figs 4 and 5).
DISCUSSION
Our acceptable radiological results (45.7%) after this operation were not as good as those reported for other series after the medial approach. Castillo and Sherman (1990) reported satisfactory results in 73%, Mankey, Arntz and Staheli (1993) in 96%, Mergen et al (1991) in 73.7%, and Ikeda et al (1991) in 73.7%. All of these series, however, had only a ten-year follow-up: the results had been assessed before the changes seen after ten years of age had begun. The number of additional operations also varied. These were needed in 25.8% (Mergen et al 1991) , 64.5% (Sosna and Rejholec 1992) , 36.8% (Ikeda et al 1991) , and 33% (Mankey et al 1993 A boy with CDH. Ludloff's operation had been performed at the age of seven months. Radiographs at three years show a narrow lateral physis (a), at six years six months an almost round femoral head (b) at ten years six months a valgus appearance of the physis (c) at 15 years 6 months early closure of the lateral physis and increased valgus (d). The radiological result was in Severin group III. difficult to correct such extracapsular obstacles to concentric reduction as adhesions of the posterior capsule to the iliac wing, torsion of the capsule and contracted short rotator muscles. We identified avascular necrosis in 15 (42.9%) of 35 hips after operation. The reported incidence of avascular necrosis varies considerably from 4% in the series of Mau et al (1971) and 15% in that of Castillo and Sherman (1990) , to 35.5% in that of Sosna and Rejholec (1992) . Kalamchi, Schmidt and MacEwen (1980) reported an incidence of 67%. The difficulty lies in the assessment of the extent of any avascular necrosis. We were reasonably certain of our assessment of this at about ten years of age; we found that Kalamchi type-II necrosis was a key factor in the radiological deterioration which we detected after ten years of age in the hips which became unacceptable. The recorded change in the neck-epiphysis angle helped to clarify the presence of Kalamchi type-II necrosis around the age of ten years; the CE angle deteriorated after this age.
We cannot provide a clear reason for our findings, but we suspect that the lateral physis of the femoral head was pressed against the posterior acetabular rim by an eccentric reduction when the leg was positioned in 90° of flexion and 90° of abduction. This may be similar to the damage to the perichondrial ring seen in Salter-Harris type-VI hips, and it resulted in early closure of the lateral physis leading to valgus angulation of the femoral neck.
Our findings suggest that the Ludloff medial approach for open reduction is unsatisfactory for the treatment of CDH. The radiological results begin to become worse at about the age of ten years in unacceptable hips. About half of these patients then need an additional operation.
